There are two main directions to be distinguished while investigating into the wear-and-tear
Introduction
Flight safety and reliability of an aircraft throughout the operational phase is closely connected with predictions about changes in the aircraft's health. Destructive processes going on within aircraft's systems/devices in the course of their operation prove decisive to changes in their health. Here are some examples of such processes: DOI 10.2478/v10041-012-0006-0
• Fatigue processes within the structure;
• Wear-and-tear and/or surface-fatigue attributable processes that result in changes of dimensions of structural components or enlargement of clearances, and those due to deterioration in condition of mating surfaces; • Corrosion and ageing processes.
The recognition and analytical description of the physics of these processes prove extremely difficult. Fatigue processes that proceed within the aircraft structure most often result in fatigue cracking of the aircraft. Such being the case, the most essential objective is to predict how the crack will grow and propagate and to determine the time interval the crack length does not exceed the critical (permissible) value.
The crack propagation process, if approached in a deterministic way, is most often described with the stress intensity factor and the Paris equation. Unfortunately, the thorough monitoring and investigation into fatigue processes within the aircraft structure while in service remain beyond our reach and provoke great difficulties. The problem remains unsolved.
The wear and surface fatigue attributable processes result in changes of dimensions of structural components or enlargement of clearances between the mating items.
The problem to face now is finding an analytical dependence that describes the process of wear growth. Since the surface wear is a very complex phenomenon, and random in its nature, admitted usually are approximate dependences. The surface wear processes are also conducive to some deterioration in mechanical properties and/or in the mating between different structural components. The latter, if it occurs while the components are in motion, may result in the stoppage of their motion, or other kinds of damages to systems/devices.
The ageing and corrosion may also effect some deterioration in the components' mating. They may also prove conducive to the initiation of fatigue and wear-and-tear processes in components' surfaces.
All these processes, i.e. the so-called 'destructive processes', result in the increasing changes in values of diagnostic parameters that describe the health/maintenance status of particular items.
Investigation into effects of destructive processes, whether it is structure ageing, fatigue, surface wear-and-tear, or corrosion, or a combination thereof, going on in the systems/devices has proved they are closely correlated, to different degrees however, to times or load cycles of system's/device's operation.
From the point of view of destructive processes and how much they contribute to changes in values of diagnostic parameters, the aircraft structural components may be classified into three groups:
• those with changes in values of diagnostic parameters strongly correlated with time/amount of operation; • those with changes in values of diagnostic parameters loosely correlated with time/amount of operation; • those with no correlation between values of diagnostic parameters and time/amount of operation.
In real systems/devices we usually have to deal with a mix of these groups, since there is usually a variety of components in any system/device. Occasionally it is possible to show that some of these groups play a decisive role and may be used to predict reliability and lives of components and systems/devices. Of great importance are questions of formulating probabilistic models on the basis of these processes and applying the results gained to find reliability factors and to assess lives of the systems/devices.
The paper has been intended to present the way of finding time distribution of reaching the boundary (permissible) condition of a system/device. Use has been made of some earlier works by the Authors [3 ÷ 12] .
To make the exposition as clear as only possible, the issues under discussion have been presented in the most simple form. The simplifications made refer mainly to physical aspects of changes in health/maintenance status of a system/device.
How to find the density function of changes in the diagnostic parameter
The following assumptions have been made: 1. The system's/device's health is defined with only one predominating diagnostic parameter; its current value is denoted with 'z'. 2. The change in the diagnostic parameter's value occurs in the course of the system's/device's operation, i.e. during the aircraft's flight. 3. 'z' is a non-decreasing parameter. 4. The way it is to be described in this paper refers solely to those destructive processes, for which the rate of changes in the diagnostic parameter can be described with the following relationship:
where: C -a random variable that depends on operating conditions and characteristics of the component; N -the number of flights. , the component will be recognised as serviceable (fit for use). Otherwise, it will be recognised unserviceable (unfit for use).
Actually, values of the diagnostic parameter show the nature of a stochastic process {z} and for any preset time t such a value is a random variable z t ; its probability density function is u(z,t).
Let us introduce now the notion of the aircraft's intensity of flights λ:
where: ∆t -time interval when a flight can take place with the probability P; P -probability of performing the aircraft flight within the time interval ∆t.
The time interval ∆t should be well adjusted to the aircraft's intensity of flights, so that:
Having applied the above-introduced notion of the intensity of flights λ, the number of aircraft flights up to the time instant t can de determined in the following way:
With equation (4) taken into account, the relationship (1) can be written down in the following form:
The dynamics of changes in value of the diagnostic parameter can be described, using the stochastic approach, with a difference equation.
Let U z,t denote probability that at time instant t the diagnostic parameter takes value z.
With such assumptions made, the difference equation takes the form:
where: z ∆ -increment in value of the diagnostic parameter in the course of one aircraft flight.
Equation (6) can be rewritten using function notation. Itt takes then the following form:
( ,
where: ( , ) u z t -probability density function of the diagnostic parameter's value z at time instant t; (1 ) t λ − ∆ -probability that there will be no aircraft flight in the time interval ∆t; t λ∆ -probability that the flight is performed in the time interval ∆t;
(1 ) 1 t t λ λ − ∆ + ∆ = -the above mentioned probabilities sum up to the unity. Equation (7) has been rearranged into a partial differential equation. The following approximations have been made:
After equation (8) has been substituted into equation (7) and after some rearrangements, the following partial differential equation of the Fokker-Planck type has been arrived at:
where: z C ∆ =.
Since C is a random variable, the mean value of this variable is introduced. It is of the following form:
where: ( ) f C -density function of the random variable C;
, g d C C -the upper and lower limits of the random variable C (the interval of its variation).
With account taken of what above, equation (9) takes the following form:
where
Solution of equation (11) takes then the following form:
where:
The density function (12) may, therefore, be presented as one dependent on the number of aircraft flights.
Since N = λt, equation (12) 
The density function of the value of the diagnostic parameter's deviation keeping on the increase may directly be used to assess reliability and life of a structural component of the aircraft, the health of which has been subjected to evaluation with this parameter. The way how the density function (14) can been applied to assess reliability and life has been shown in [3÷12].
Finding time distribution of exceeding the boundary (permissible) condition
Probability of exceeding the boundary value by the diagnostic parameter with the density function of changes in the diagnostic parameter's deviation (14) can be written down in the following form: 
The density function of time distribution of the first transition beyond the permissible value z d takes the form: 
The following designation has been applied:
Hence:
Time derivative of function (19) takes the following form:
Relationship (21) has been substituted into (20):
What we are doing now is searching for the primitive of the integrand in the relationship (22). We predict that a function of the following form:
( , ) ( , ) 2 z bt w z t u z t t
is the primitive of the integrand in equation (22). Now, a check is to be carried out: 
The conclusion is that the primitive of the integrand in the relationship (22) takes the following form: ( ) ( , ) ( , ) 2 z bt w z t u z t t
An integral (22) is now calculated:
Relationship (25) determines the density function of time of the first transition of the boundary (permissible) condition by the diagnostic parameter's deviation.
It should be noted that the actual function of the form (25) is the density function. Therefore, one should check whether the relationship (26) is satisfied:
To prove the relationship (25) is right and correct, one should check the following relationship: 
= = =
The integral (29) should be reduced to some simpler form. It is easily noticed that the integrand can be written down in the form: 
The next step is to make another substitution:
With account taken of the above-presented relationships, the integral (31) can be put down in the following form: The integral of the following form has been arrived at: The results gained are introduced in formula (28) and, remembering that limits of integration should be written down using suitable notation, the following formula for reliability is arrived at: 
The cumulative distribution function of the standardized Gaussian distribution takes the form: ( )
where: b * and a * are coefficients after estimation based on data collected from the aircraft operating process.
Therefore, the risk of structural component's failure may be found from the following relationship:
Assuming some specific level of risk of a failure to the structural component one can find γ (taking the value from the Standard Normal Distribution Table) . Then, with the value of γ known, one can find its life (i.e. T) from the relationship (37). To do so, the relationship (37) has been rearranged into the quadratic equation of the following form:
Hence, the component's life is: To make use of the density function (39), one should estimate values of â and b on the basis of information collected from the tyre operating process. Table 1 Shows data on the tyre wear-and-tear against the number of landings Number of measurements r Substituting values found earlier into the above-written formula, the following has been arrived at: 
